The potential effect of canopy cover on the quality of River Offin which serves as drinking water for communities including Hwediem, Mprim and Boanim in the Mampong Municipality of the Ashanti region of Ghana was studied. These communities exemplify Ghanaian farming communities. Often, rural farmers do not have access to clean water. Using the part of the river serving these communities as a test case, we assessed the quality of water along a gradient of three different levels of canopy cover (closed, semi-closed and open canopy) where residents frequently access water. Physico-chemical tests showed that, the level of most of the physical and chemical properties of the water under all three different canopy covers was within the acceptable limits set by the World Health Organization. There was low turbidity where the canopy was closed resulting in relatively lower faecal coliforms. Total dissolved solids were also less where canopy cover was closed. Therefore, the general water quality could be potentially improved by planting trees along the river to form canopy.
Introduction
Watersheds are naturally protected by their riparian forests from deterioration. These forests stabilize the river's flow [1] and maximize quality by controlling erosion and sediment concentrations in streams, decreasing turbid-ity, reducing pesticide and other chemical load, reducing nitrogen levels and other pollutants level [2] - [6] . Recent increases in deforestation as a result of intensified anthropogenic activities pose major threats to surfacewater quality [7] . Agricultural activities in general are the driving force of degradation of water quality [8] which is becoming a global problem [9] . Human conversion of forested areas along river basins into agricultural lands causes river systems to undergo progressive changes in water quality [10] by introducing harmful sediments, nutrients, bacteria, organic wastes, chemicals, and metals into surface water bodies.
Deforestation has observable effects on surface water characteristics such as changes in the water physicochemical parameters [11] . For instance, heavy rainfall washes soil from deforested and agricultural lands directly into streams. Soil contains loads of contaminants and is transported into surface water bodies through runoff. This leads to increased water turbidity, suspended solids and total dissolved solids [12] in water and eventually affects the aesthetics e.g. colour and morphology of water bodies. Moreover, sediments from runoff water contain organic nutrients which when in excess increase the concentration of total nitrogen and phosphorus in the water [13] . This creates serious ecological stress and public health risks [14] . Improper application of chemicals and acidic fertilizers also decrease the pH of the water bodies making them more acidic [15] .
Increasing loads of organic materials in water bodies cause an increase in biochemical oxygen demand (BOD) and consequently reduce dissolve oxygen (DO) in water [16] , a condition that affects aquatic biodiversity. Furthermore, leaching from rocks and agricultural lands can cause an increase in the concentration of cations such as calcium and magnesium [17] as well as causing hardness of the water and making it difficult to use for domestic activities.
Turbidity of water promotes microbial proliferation such as coliform bacteria (e.g. total coliforms, faecal coliforms, Escherichia coli and intestinal enterococci (faecal streptococci)) [18] [19] . The main sources of these pathogenic micro-organisms are faeces of human and other warm-blooded animals [20] which are washed directly into water bodies through runoff water. Faecal coliforms and intestinal enterococci are good indicators for assessing faecal pollution [21] . They indicate the possible presence of pathogenic bacteria, viruses, and protozoans [22] . Faecal contamination of water results in enteric infection which is of great public health concern.
River Offin, one of the major water bodies in Ghana, is an important source of water to several communities dotted along its course. It originates from the Mampong Municipality in the Ashanti Region and extends to join River Pra in the Central region. Communities that rely on this river for water include Hwidiem, Mprim, Boanim, Bepoa and major towns like Dunkwa-on-Offin and Offinso. Several anthropogenic activities, including farming occur along the river (J.D. Abraham, personal observation). Many of the communities along the river are rural whose residents are farmers. The farming activities of residents have resulted in varying degrees of canopy opening along the river. Often there is little or no access to clean drinking water in rural communities [23] - [25] . Due to the importance of the health of farmers and rural dwellers in general, this study investigated the quality of water available to rural communities using River Offin. Water running through three communities namely Hwidiem, Mprim and Boanim representing parts of the river with closed, open and semi-closed canopy respectively was studied. Information from this study could be harnessed to improve the quality of water in this and other rivers and streams.
Materials and Methods

Water Sampling Points
For the purpose of this study, three sections of the river served as sampling points where water was collected over twelve consecutive weeks and analysed for quality. The three sampling points were named OF1, OF2 and OF3. OF1 was a forested area with a closed canopy (>90% closed) and served as the river head. OF2 was a sampling point that lied within the Mprim village. This sampling point was the main part of the river where inhabitants of the village fetched water for their household activities. Inhabitants of the village also washed their clothes along the banks at this sampling point. This sampling point was relatively open without much canopy cover over the water (>90% open). OF3 was the third sampling point along River Offin. It lied within a cocoa farm and had a semi-closed canopy (~60% closed). The direction of water flow was from OF1 through OF3. The sampling points were about 2 km apart.
Collection, Handling and Transportation of Water Samples
Water samples were collected from the sampling points along the river using sterile plastic bottles weekly for twelve consecutive weeks (Oct. 26, 2014 to Jan. 11, 2015) . A water sample collector wearing nitrile gloves (Beaucare Medical Ltd, North Yorkshire, UK) and a nose mask collected 750 ml of water each from all the sampling points, the bottle was labeled and put one ice immediately to prevent bacterial growth. Sample collection was done in the mornings between 6:00 and 9:00. The samples were transported to the laboratory under refrigeration for physico-chemical and microbial analysis.
Laboratory Analysis Conducted
Physico-chemical analysis conducted included pH, turbidity, total hardness, total dissolved solids, concentrations of nitrate, phosphate, calcium, magnesium, potassium and sodium. Microbial analysis conducted included total and faecal coliforms determination.
The Physico-Chemical Analysis
Quality indicators such as pH and turbidity were measured using hand-held pH meter and turbidity meter respectively. Total dissolved solids (TDS) were determined using the gravimetric method and total hardness was determined using the titration method. Potassium, sodium, nitrate, calcium and magnesium were determined using flame photometer. All measurements were replicated 12 times. The TDS was determined by filtering 100 ml of water sample that was well-mixed through a standard glass fiber filter. Vacuum was applied for two to three minutes after the sample had passed through the filter. An evaporating dish which was heated in an oven at 180˚C for one hour before being placed in a desiccator was then transferred into a balance to determine its weight (x). The evaporating dish was then transferred onto a steam bath on a hot plate. The 100-ml filtrate sample from the filter flask was poured into the evaporating dish and evaporated to dryness. The evaporating dish residue was transferred to a drying oven where it was dried at 180˚C until a constant weight (y) was attained. The TDS was calculated as follows:
Furthermore, total hardness was determined following [26] by placing 50 ml of water sample in an evaporating dish and 0.5 ml of buffer solution added to it. Six drops of indicator solution was added as it was being stirred. Where water was hard, the samples turned red. The titrating solution was added slowly from the burette with continuous stirring. An endpoint was reached when the colour changed from red to blue. Total hardness was calculated as follows:
Titration solution ml 1000 CaCO . Sample volume ml
× =
The concentration of potassium, sodium, nitrate, calcium and magnesium were determined with a flame photometer following [27] [28].
Total and Faecal Coliforms
Total and faecal coliforms were determined by the most probable number (MPN) method following [29] . Samples of water collected were diluted from 10 −1 to 10 −6 by pouring 1 ml of the sample into 9 ml of sterile distilled water. For each dilution, 1 ml aliquots were inoculated into 5 ml of MacConkey Broth and incubated at 35˚C for total coliforms and 44˚C for faecal coliforms for 18 -24 hours. Tubes showing colour change from purple to yellow after 24 hours were identified as positive for both total and faecal coliforms. Counts per 100 ml were calculated from the most probable number (MPN) tables.
Data Analysis
Physico-chemical parameters measured and mean microbial loads were subjected to analysis of variance (Minitab version 17; Minitab Inc, State College, PA). This was followed by Tukey's test (Minitab) where significant differences were observed.
Results
The physico-chemical properties of the three sample collection points (OF1, OF2 and OF3) are shown in Table 1 .
There were significant differences in the total hardness (F = (Table 1) . However, there was no significant difference in the concentration of Ca 2+ (F = 1.86, d.f = 2, p = 0.171) in the water at the three sampling points ( Table 1 ). The total coliforms in the closed canopy area of River Offin ranged from 0.03 × 10 6 mpn/100ml of water to 89 × 10 6 mpn/100ml (n = 10). The mean total coliform count was 33.97 ± 8.66 × 10 6 mpn/100ml of water and the median was 34 × 10 6 mpn/100ml of water. At OF2 which had no canopy cover, total coliform ranged from 0.06 × 10 6 mpn/100ml of water to 45 × 10 6 mpn/100ml (n = 10). The mean total coliform count in this area was 23.65 ± 5.67 × 10 6 mpn/100ml of water and the median was 27.5 × 10 6 mpn/100ml of water. At OF3, total coliform ranged from 0.06 × 10 6 mpn/100ml of water to 72.5 × 10 6 mpn/100ml (n = 10). The mean coliforms in this region was 27.75 ± 7.33 × 10 6 mpn/100ml of water and the median was 27.5 × 10 6 mpn/100ml of water (Figure 1(a) ). The faecal coliforms in the closed canopy area (OF1) of River Offin ranged from 0.24 × 10 6 -8.9 × 10 6 mpn/100ml (n = 8). The mean faecal coliform count in this area was 3.35 ± 0.95 × 10 6 mpn/100ml of water and the median was 2.58 × 10 6 mpn/100ml of water. At OF2, where there was no canopy cover, faecal coliform ranged from 0.28 × 10 6 -4.5 × 10 6 mpn/100ml of water (n = 8). The mean faecal coliform count was 2.26 ± 0.45 × 10 6 mpn/100ml of water and the median was 2.38 × 10 6 mpn/100ml of water. At OF3 where the canopy was semiclosed, faecal coliforms ranged from 0.24 × 10 6 -27.5 × 10 6 mpn/100ml (n = 8). The mean coliform count in this area was 6.51 ± 3.13 × 10 6 mpn/100ml of water and the median was 4.28 × 10 6 mpn/100ml of water (Figure 1(b) ). There were no significant differences in both the total coliforms (F = 0.50, d.f = 2, P = 0.61) and faecal coliforms (F = 1.34, d.f = 2, P = 0.28) at the three respective areas of sample collection.
Discussion
The acceptability of water to a people is largely influenced by the quality of the water [30] . River Offin serves several communities and so it was important for its quality to be assessed. For water to be declared potable, there are standards that the physico-chemical and microbial properties must meet. Total hardness of the river water was higher at the sections with closed and semi-closed canopy probably because the trees there exude chemicals into the water [31] . Such root exudates could disinfect water and improve quality at these sections. Our findings suggest that water in River Offin is softer than water from other rivers in Ghana e.g. River Oti [32] . Turbidity was highest at the semi-closed canopy. The high turbidity at this sampling point could be attributed to the cocoa farm that the river passes through. Runoff water from the cocoa farm could carry with it sand and other debris which potentially increases the turbidity of water. Farming activities close to water bodies likely increase turbidity as a result of surface runoff into water [12] . Turbidity of the water at all three sampling points was however below 5.0 NTU which is the acceptable limit set by Canada for drinking water [6] . In spite of any standards set, it is very important to improve turbidity of water however low it might be since it is caused by suspended particles in water. Microorganisms could attach themselves to these suspended particles in water and contaminant it [18] [19] . Therefore, simple filtration of turbid water could reduce the chances of high microbial load [30] . The United States' standard for turbidity as at 2000 was 1.0 NTU probably for this reason [33] . In 2012, the United States Environmental Protection Agency reiterated that turbidity should never go beyond 5.0 NTU [34] . The amount of total dissolved solids in water may affect the acceptability of water for drinking although it has no health concerns at the concentrations found in drinking water [30] . Despite this, total dissolved solids of water of less than 600 mg/l is considered to be good. However, a level of TDS of more than 1000 mg/l is unacceptable and renders drinking water unpalatable. Water from the three collection points of River Offin were all below the threshold of palatable water. Although water from all three points was palatable, water from the closed canopy area was significantly more palatable indicating the importance of canopy cover over water.
The recommended pH of drinking water by WHO is 6.5 to 8.5. This notwithstanding, it has been suggested that water with pH lower than 7 is likely to be corrosive to metallic pipes [30] . Water from all three sampling points ranged between 6.6 and 6.8. There was no significant difference in the pH of water at the different sampling points. Since water in the three sampling points is not piped, there should be no problem with the possibility of the corrosive pH in the short term. The low pH of the water renders it effective for disinfection with chlorine [30] .
The concentrations of sodium, potassium, magnesium and calcium in water from the three sampling points were rather low and below the threshold to make water unpalatable. No health concerns have been suggested by the WHO on the concentrations of sodium, potassium, magnesium and calcium in water. However, sodium could make water unacceptable in terms of taste if it exceeds 200 mg/l. The amount of sodium detected at all three collection points ranged from 4.2 -6.3 mg/l. These are ideal values. The level of potassium detected ranged between 0.7 and 1.3 mg/l which is far below the recommended requirement which is more than 3000 mg/l. Although significant differences were found in the levels of sodium, potassium and magnesium in all three collection points, these did not pose any health concerns as no limits have been set by WHO. The WHO has no limits for these chemicals because the levels detected in water are always lower than what will raise a health concern [30] . The level of nitrate in water for drinking should not exceed 50 mg/l. At all three sample collection points, the level of nitrate does not exceed 0.1 mg/l. Water in River Offin had relatively high total coliforms in all three sampling points. The high amount of total coliforms in the water poses health risks to the inhabitants of the surrounding villages who depend on the water for their livelihood. Indeed a high amount of total coliforms is indicative of a high probability of disease causing organisms in water [33] . It is therefore not surprising that faecal coliforms were detected in all three sampling points. This poses a threat of water-borne diseases in the surrounding villages. Although the detection of faecal coliform is bad for the communities, the amount was lower where there was minimal disturbance to the canopy and less agricultural activities. In the semi-closed canopy area where turbidity was highest, faecal coliform was also highest. Micro-organisms are able to attach themselves to suspended particles and high turbidity could increase the persistence of coliforms in water. It is therefore important that water is kept clean and activities like farming that could increase turbidity are done away from water bodies.
Conclusion
In conclusion, the physico-chemical properties of water close to the source of River Offin are good and largely meet the WHO standard for drinking water. The major concerns however are the high amounts of total coliforms in the water, the detection of faecal coliforms and relatively high turbidity at the sampling point with semi-closed canopy. This study suggests that high turbidity could likely account for the high faecal coliform in water. The high turbidity is as a result of farming activity close to the river water and it is advised that farming should not be done close to the river water. Closed canopy cover contributed to lower turbidity, total dissolved solids and pH. The low turbidity contributed to a relatively lower faecal coliform. Therefore, the quality of water could be increased by planting trees along all water bodies.
